Introduction
Quitting smoking is a critical step toward diabetes control. It is not known whether smoking rates in adults with diabetes are similar to rates among adults who do not have the disease or whether people with diabetes have increased motivation to quit. We examined prevalence trends of current smoking and quit attempts among US adults with and without diagnosed diabetes from 2001 through 2010.
Cigarette smoking among people with diabetes is associated with an elevated risk of cardiovascular disease and stroke, increased insulin resistance, and various complications such as diabetic nephropathy, retinopathy, neuropathy, and lower extremity amputations (1) (2) (3) . Previous studies have reported that people with diabetes are as likely to smoke as those without the disease (4, 5) . Trend analyses indicate that the overall age-adjusted current smoking prevalence among people with diabetes remained unchanged from 1990 to 2001, despite significant reductions in cigarette smoking in the general population during the same time period (4, 6) . From 1990 to 2001, significant decreases in smoking prevalence among people with diabetes were observed among African Americans and those aged 65 years or older, 2 populations that are disproportionately burdened by the disease and its related complications (4) .
Because of the increased risk for comorbidity and mortality among people with diabetes, smoking cessation -not just a reduction in cigarette consumption -is recommended (7) . Although there is limited research on the efficacy of smoking cessation interventions for smokers with diabetes, the US Public Health Service and the American Diabetes Association suggest that integration of tobacco use dependence interventions with diabetes management and educational programs may be an effective strategy to increase quit attempts and reduce smoking prevalence among people with diabetes (7, 8) .
This study seeks to update and build on the existing literature related to cigarette smoking among people with diabetes. We used data from the Behavioral Risk Factor Surveillance System (BRFSS) for 2001 through 2010 to examine the trend in prevalence of current cigarette smoking and quit attempts among the US adults aged 18 years or older by diagnosed diabetes status.
Methods
BRFSS is an ongoing, state-based, telephone health survey conducted by the random-digit dialing of noninstitutionalized US adults (9, 10) . BRFSS collects data on sociodemographics, chronic illness, health behaviors, access to health care, and other health-related information on an annual basis. BRFSS can produce national estimates because of its large sample size. For each year, we used poststratification weights for all estimates to account for the respondent's probability of being selected and the age-, race-, and sex-specific populations from the US Census for the state or area. We used these weights to calculate the state smoking prevalence estimates; 95% confidence intervals (CIs) also were calculated. BRFSS methods, including the weighting procedure, are described elsewhere (9) . All BRFSS questionnaires, data, and reports are available on the official BRFSS website (www.cdc.gov/brfss). The state-specific cooperation rates, CASRO (Council of American Survey Research Organizations) response rates, and other outcome rates by state are available in annual data quality reports (2, 11) . A CASRO response rate is an outcome rate with the number of complete and partial interviews in the numerator and an estimate of the number of eligible units in the sample in the denominator. The median CASRO response rates from 2001 through 2010 ranged from 50.6% to 58.3%.
Measures
Diabetes and smoking questions were asked in the core questionnaires of survey years 2001 through 2010. The core questions were administered to all respondents aged 18 years or older.
Diabetes status. Respondents were asked, "Have you ever been told by a doctor that you have diabetes?" If the response was "yes" and the respondent was female, then she was asked, "Was this only when you were pregnant?" Since 2004, another option was added to the response set, "No, prediabetes or borderline diabetes." To maintain consistency, we combined those respondents who said that they did not have diabetes with those who indicated that they had been told only during a pregnancy and who indicated that they have prediabetes or borderline diabetes. This definition, of necessity, combined people with undiagnosed diabetes and people without diabetes. As the most recent National Diabetes Fact Sheet indicated, 27% (7.0 million of 25.8 million) of the people with diabetes have not had their condition diagnosed (12) .
Current smoking status. In 2001 through 2010, respondents were asked, "Have you smoked at least 100 cigarettes in your life?" and "Do you now smoke cigarettes every day, some days, or not at all?" Respondents who smoked at least 100 cigarettes and reported smoking every day or on some days now were considered current smokers.
Quit attempt during the past 12 months. Current smokers were asked, "During the past 12 months, have you stopped smoking for one day or longer because you were trying to quit smoking?"
Statistical analysis
We performed the analysis using SAS-callable SUDAAN 11.0.0 (Research Triangle Institute, Research Triangle Park, North Carolina) to account for the complex sampling design of BRFSS. Data were weighted to the respondent's probability of selection, nonresponse, and landline telephone coverage. Prevalence estimates of current smoking and quit attempts and their respective standard errors by diabetes status were obtained. The temporal linear trend on 2 outcome variables was estimated by the REGRESS procedure with year as the independent variable. We assessed whether the linear trend (slope) differed by diabetes status by including an interaction term of diagnosed diabetes status and year in the regression models. Log linear regression models were applied to obtain adjusted prevalence ratios (APRs) and 99% CIs for cigarette smoking among US adults and quit attempts among smoking adults by diabetes status after adjustment of demographic characteristics. Given the large sample size of BRFSS, we set significance level at P < .01 to minimize occurrence of the type I error and obtain robust results.
We also obtained predictive marginals for cigarette smoking and quit attempts by diagnosed diabetes status and year from the log linear regression analysis with adjustment for sex, age, race/ethnicity, education attainment, and marital status.
Results
The prevalence of cigarette smoking declined from 2001 through 2010 for adults with and without diagnosed diabetes ( Table 1 ). The decline was more remarkable (P < .001) among those without diagnosed diabetes (0.67% average annual decline) than among adults with diagnosed diabetes (0.25% average annual decline). A separate analysis showed that the proportion of former smokers is higher (P < .001) among adults with diagnosed diabetes (36.3%) than their counterparts without diagnosed diabetes (23.3%), and the proportions were stable during the 10 years ( Table 2 ). The following demographic subgroups with diagnosed diabetes did not demonstrate significant declines of smoking rate: those aged 65 years or older; minority groups; those who had less than a high school education; and those who were previously married (separated, divorced, or widowed).
Overall, the estimated prevalence of adult smokers who reported quit attempts for 1 or more days increased an average of 0.5% per year from 2001 to 2010 (55.5% in 2001; 58.8% in 2010) ( Table 3 ). The increase is similar for adults with and without diagnosed diabetes (P = .51). Quit attempts among non-Hispanic white smokers with and without diabetes increased during the 10 years. Quit attempts among young adult smokers (aged 18-44 years) with diagnosed diabetes and older adult smokers with or without diabetes (aged ≥65 years) did not change significantly during the 10 years. There were no significant changes in quit attempts during the 10 years among African American and Hispanic smokers regardless of diabetes status. Additionally, no significant changes were seen in quit attempts among smokers with diagnosed diabetes who had a high school education or less. There were no significant changes in quit attempts among smokers with diagnosed diabetes who were married or previously married. In contrast, among smokers with diabetes who had never married, quit attempts increased an average of 1.1% per year (P = .005).
Log linear regression analysis showed that the adjusted prevalence of cigarette smoking decreased during the past decade and was 9% lower among adults with diabetes than those without diabetes (APR, 0.91; 99% CI, 0.89−0.93) ( Table 4) . Quit attempts among smokers increased during the past decade. The adjusted prevalence of a quit attempt among adults with diagnosed diabetes was 13% higher than that for adults without diagnosed diabetes (APR, 1.13; 99% CI, 1.11−1.15).
Although cigarette smoking and quit attempts fluctuated during the past decade, the prevalence of cigarette smoking decreased and the prevalence of quit attempts increased over time for adults with and without diagnosed diabetes (Table  5) . Up to 2010, the adjusted prevalence of cigarette smoking was essentially no different among adults with diagnosed diabetes than among those without diagnosed diabetes. The prevalence of quit attempts was higher among adults with diagnosed diabetes than those without diagnosed diabetes.
Discussion
Our study indicated that the prevalence of cigarette smoking declined from 2001 through 2010 for adults with and without diagnosed diabetes. However, the decline in smoking prevalence was more remarkable among adults without diagnosed diabetes than adults with diagnosed diabetes. Overall, the prevalence of quit attempts among smokers increased from 2001 through 2010, although there were fluctuations throughout the time period. The adjusted prevalence of quit attempts among adult smokers with diagnosed diabetes was 13% higher than among adult smokers without diagnosed diabetes. These findings should be interpreted in light of the fact that the smoking rate among adults with diagnosed diabetes was already below that of those without diagnosed diabetes and the proportion of former smokers was always higher among adults with diagnosed diabetes than those without.
Consistent with the findings from previous studies (4,13), our findings showed a higher prevalence of current smoking among young adults, men, adults with lower education attainment, and adults who had never married or previously married (13) . However, a Ford et al (4) study showed the age-standardized prevalence of cigarette smoking was similar in adults with and without diagnosed diabetes and remained stable from 1990 through 2001. The study also reported a significant decrease in smoking prevalence among people with diabetes among African Americans and those aged 65 years or older. Findings from our study revealed a different picture. The discrepancy might be partially explained by different statistical approaches used in these 2 studies. We did not use age-standardized prevalence estimates in the trend analysis because this study is designed to examine the change in the actual burden of cigarette smoking during the last decade. Nonetheless, age is closely related to prevalence of diagnosed diabetes, cigarette smoking, and smoking cessation. Loglinear regression models with demographic covariates adjustment (including age) revealed discrepant smoking rates based on diagnosed diabetes status. However, smoking rates declined from 2001 through 2010 in different slopes for adults with and without diabetes. In 2010, the adjusted smoking rates were no longer significantly different.
Our findings demonstrate a complicated picture about differential smoking behavior by diabetes status in the United States during 2001 through 2010. The prevalence of cigarette smoking among adults with diabetes was lower than that among adults without diagnosed diabetes. Furthermore, quit attempts among adults with diabetes were higher than for adults without diagnosed diabetes, but the prevalence of smoking declined more remarkably among adults without diabetes from 2001 through 2010. Floor effects can be an explanation, although other factors may have contributed to this trend. Research has shown that significant health events and the risk of adverse health outcomes may influence behavior change, including smoking cessation (14, 15) . The diagnosis of a chronic disease may increase the odds of smoking cessation (16) (17) (18) (19) and produce a greater desire for smoking cessation (20). However, research also suggests that smokers with diabetes are less active in their diabetes self-care and less compliant with recommendations for diabetes management (21). Additionally, they may be more likely to report feelings of depression than nonsmokers with the disease and have a low readiness to quit smoking (21,22).
A growing body of literature describing the bidirectional nature of smoking and diabetes further complicates the interpretation and translation of these results. Although a diagnosis of diabetes may prompt a quit attempt or successful cessation, smoking cigarettes may actually lead to a diabetes diagnosis (23). This may contribute to the slower decline in smoking prevalence among smokers with diabetes. Despite the risks associated with smoking and diabetes, few intervention studies address smoking prevention and cessation in the population with diabetes (24-27).
There were several limitations in this study. First, there was noncoverage bias in BRFSS. Only landline residential telephone households were sampled in the telephone survey. Institutionalized populations (eg, prisons, school dormitories, nursing homes, military bases) and cellular-telephone-only households were not included in the sample. One study (28) indicated that relative bias for the estimate of current smoking from a landline BRFSS survey in 2008 was about 10%. In other words, current smoking was largely underestimated by excluding cellular-telephone-only households. Second, as is the case in other telephone surveys, the overall response rates in BRFSS are declining over the years. Third, there might be social desirability bias. With smoking behaviors becoming less popular in the population, smokers may not admit their status in a telephone survey. Fourth, BRFSS uses self-report to determine diabetes status. It does not allow us to distinguish those with undiagnosed diabetes from those without diabetes. We could not differentiate type 1 from type 2 diabetes with this data set. This self-report approach may also introduce misclassification bias, but the overall influence of misclassification is unknown. In addition, BRFSS uses a multistage sampling design primarily to generate state or area estimates. The median prevalence among all states and the District of Columbia is generally comparable to overall national estimates from other surveys (29).
This study delineated the cigarette smoking prevalence among demographic subgroups of US populations and their secular trends from 2001 through 2010 by diabetes status using a large state-based survey. Although prevalence of cigarette smoking has generally declined during the last decade, our study found that rates declined less among young adults with diagnosed diabetes and among minority groups and those with lower levels of education. Given the enhanced risk of comorbidity and premature mortality from the combination of smoking and diabetes, additional research is needed to examine the effectiveness of integrating recommended clinical interventions for smokers (eg, counseling, cessation medications) (30) with diabetes self-management and education programs, especially to those who are newly diagnosed, and to assess the effect of targeted cessation interventions for this population with chronic disease. Other consists of Asian, non-Hispanic; Native Hawaiian/Pacific Islander, non-Hispanic; American Indian/Alaska Native, nonHispanic; other race, non-Hispanic; and multirace, non-Hispanic.
Previously married includes those divorced, widowed, or separated. Never married includes those never married or members of unmarried couples. Other consists of Asian, non-Hispanic; Native Hawaiian/Pacific Islander, non-Hispanic; American Indian/Alaska Native, nonHispanic; other race, non-Hispanic; and multirace, non-Hispanic.
Previously married includes those divorced, widowed, or separated. Never married includes those never married or members of unmarried couples. 
